Abstract
INTRODUCTION
In recent years, natural orifice transluminal endoscopic surgery (NOTES) has attracted increasing attention as a new technique for minimally invasive treatment. Compared with traditional surgery, it has the advantages of less trauma, faster recovery, and no external postoperative scar. At present, endoscopic doctors globally are performing a large number of experimental animal studies and a small amount of clinical research about NOTES. Most of the results demonstrate the promising application prospects of this technology. However, some experts still question the safety and feasibility of NOTES technology. Therefore, the application of NOTES technology must be further investigated. The initial outcome of interest is the feasibility and safety of the procedure. We aimed to evaluate its complications in animal experiments to provide a theoretical basis for further clinical application of NOTES and to accumulate more operative experience in this technique.
At present, the resection of the pancreatic body and tail generally requires invasive surgical treatment. Laparoscopic resection of the pancreatic body and tail is the predominant methodology to remove lesions in these locations; its safety and surgical planning are relatively mature, but it remains a complex and high-precision surgical operation, requiring abundant experience and skills in laparoscopic surgery, with a 10% rate of complications. Therefore, invasive surgery is predominantly applied to cases with refractory symptoms or an unclear diagnosis [1] . Can we use an endoscopic treatment to remove lesions in the pancreatic body and tail directly and expedite recovery after treatment? In this study, we explored this question through animal experiments.
MATERIALS AND METHODS

Animals
In the study, 15 healthy Bama miniature pigs weighing 15 kg to 20 kg were provided and raised by the Laboratory Animal Department of Shengjing Hospital of China Medical University. The experiment was conducted at the Endoscopy Center and the Experimental Animal Center of Shengjing Hospital of China Medical University. The experimental animals were divided into a control group with three pigs and two experimental groups with six pigs each. In the control group, the pancreases were only examined via endoscopy in the abdominal cavity. In experimental group one, the pancreatic tail was partially resected by the endoscopic operation, while in experimental group two, the pancreatic tail was completely removed by the endoscopic operation.
One pig in the control group, two pigs in experimental group one, and two pigs in experimental group two were sacrificed at 3 d, 7 d, and 14 d after the exploration or endoscopic resection.
Methods
Preoperative preparation and anesthesia: The pigs were fasted for 2 d prior to surgery and given a full-liquid diet consisting of approximately 10% of sugar in 3000 mL of water. The pigs were given an intramuscular injection of 0.3 mL/kg Shuangmianxin II (846 doses) preoperatively, with a venous needle retained. An intravenous injection of propofol (2 mg/kg) was administered to induce anesthesia and a single repeated dosing regimen was used to maintain anesthesia. A bedside monitor was used to track vital signs.
Endoscopic ultrasound to determine the site of intragastric incision: Because the pig's stomach cavity was large and the pancreas was relatively small, we used endoscopic ultrasound to locate the pancreas. First, we used a 19G puncture needle to reach the tail of the pancreas through the stomach wall. We injected approximately 1 mL of methylene blue liquid to facilitate the endoscope to determine the location of the pancreas in the abdominal cavity ( Figure 1 ). During withdrawal of the puncture needle, we continued to inject methylene blue slowly to indwell the melanin-stained channel, especially when the puncture needle passed through the stomach wall. At that time, we injected 3 mL of methylene blue under the mucous membrane of the stomach wall to determine the appropriate incision position in the stomach.
Endoscopic incision of the posterior wall of the stomach:
The gastroscope with a transparent cap fixed on the front end was used to localize the marked point. The mucosal, submucosal, and muscular layers were sequentially cut with a triangular knife until the retroperitoneum was reached (Figure 2) . A longitudinal or transverse incision could be selected. The incision size was approximately 1 cm to 1.5 cm, which was adequate for the endoscope to pass, could be closed easily, and avoided the stomach contents flowing into the abdominal cavity during the treatment.
Finding and isolating pancreatic tissue:
The pancreas could be localized using methylene blue, and the pancreas could be rapidly identified after entering the peritoneum. Exploring in both directions distinguished the head and tail of the pancreas; generally, the tail was located to the right, close to the splenic tissue. The pancreatic membrane of the pancreatic body and tail was separated with a triangular knife to reveal approximately 2 cm of pancreatic parenchyma, avoiding damage to the pancreatic parenchyma.
Resection of the pancreatic tail and closure of the wound: In experimental group one, approximately 2 cm of parenchyma of the pancreatic tail (approximately 1/3 of the width of the pancreas) was resected, avoiding the parenchyma around the main pancreatic duct. Hemostatic forceps were used to stop bleeding. In experimental group two, the entire parenchyma of the pancreatic tail was removed, and the parenchyma of the pancreas was transected with a triangular knife (Figure 2 ). Electrocoagulation was used for hemostasis. Finally, the pancreatic tissue was removed by a snare. The wound was clipped with one or more metal clips to ensure that the end was completely closed (Figure 3) . Then, we withdraw the gastroscope into the stomach and observed whether there was bleeding at the gastric incision. After full hemostasis, the wound was sutured along the incised axis with metal clips. An inflation experiment was conducted to determine whether it was completely closed (Figure 3 ). performed to observe wound healing of the stomach and to determine whether there was any infection, perforation, or displacement of metal clips. Endoscopic ultrasound was performed to observe the remaining pancreatic tissue and to evaluate whether there was any effusion around the pancreatic wound, as well as to locate the metal clips in the wound.
Animal sacrifice and specimen collection: The animals were sacrificed by air embolism and then dissected. We first observed whether there was free gas, fluid, or other findings in the abdominal cavity. Then, the serosal side of the stomach wall of the incision, wound healing, and the residual metal clips of the gastric mucosal incisions, and whether there was exudate, leakage, effusion, or residual metal clips at the pancreatic wound were observed. After this, we removed the remaining pancreatic body and pancreatic head tissue, and retained the pancreatic wound tissue. The specimens were fixed with formalin for subsequent experiments.
Immunohistochemistry:
The qualitative expression of transforming growth factor (TGF)-β1, Smad3, and Smad7 in the pancreas was predominantly localized in the cytoplasm. Semi-quantitative grading could be divided into three levels according to the degree of positive staining of the cells: Weak (+), medium (++), and strong (+++), corresponding to the light-stained brown, distinct brown, and deep-stained brown cytoplasm, respectively. The percentage of positive area was divided into negative (-, positive cells below 5%), weakly positive (+, positive cells among 5% to 30%), moderately positive (++, the total number of positive cells at 30% to 50%), and strongly positive (+++, more than 50% of positive cells). Each area of the section was randomly observed for five high magnification fields to evaluate the positive area. SPSS 20 .0 was used for statistical analyses. The data are expressed as the median, and the Kruskal-Wallis H test was used to compare the significant differences between the groups. P-values < 0.05 represent a statistically significant difference.
Statistical analysis
RESULTS
Overview
Fifteen animals were successfully operated under endoscopy. All animals in the two experimental groups were able to successfully undergo partial or total removal of the pancreatic tail through endoscopy. Postoperatively, the animals recovered well. Endoscopic reexamination, sacrificing, and specimen collection of all experimental animals were performed postoperatively based on the study design. In this experiment, a total of 12 pancreatic tissues were removed by endoscopy, in which the resection size of experimental group one was approximately 2.2 ± 0.8 cm and the resection size of experimental group two was approximately 4.5 ± 1.2 cm. All animals had five to six metal clips placed on the closed gastric wound. After the pancreas was removed in experimental group one, three to five metal clips were used to seal the pancreatic wound. After the pancreas was removed in experimental group two, five to seven metal clips were used to close the pancreatic wound. Table 1 .
The experimental animals were sacrificed after endoscopic observation according to the study design. All animals had no free gas or free fluid after laparotomy. The serosal side of the posterior gastric wall was observed and there was local hyperemia. Adhesion bands were found between the gastric wall and the retroperitoneum. The band was thick in animals 3 d after surgery and the band was the thinnest in animals 14 d postoperatively ( Figure 5 ). The anterior wall of the stomach was incised to look for gastric mucosal incisions, to observe wound healing and to evaluate for residual metal clips. Gastroscopes allow to observe at a magnification of 40 times. These observation results are thus more accurate than normal observation with the naked eye.
For the control group and experimental group one, no free liquid was seen in the wounds. There were no pancreatic leaks or fluid collections and all metal clips were present. The experimental animals sacrificed 14 d postoperatively had white scars surrounded by metal clips tightly attached to the pancreas seen with the naked eye. No definite scar was visible to the naked eye in animals sacrificed at 3 d and 7 d postoperatively, and the metal clips were visible outside the pancreas ( Figure 6 ). In experimental group two, the local wounds of the animals sacrificed 3 d after surgery were the same as those of experimental group one. In the experimental animals observed at the 7 th and 14 th days postoperatively, the local swelling of the wound was apparent. The metal clips were covered with scar tissue and needed to be incised to expose the surface. There was a small amount of partially encapsulated liquid, which was a colorless and cool liquid totaling less than 5 mL (Figure 7 ). An amylase analysis was performed and the value exceeded 2000 U/L.
Complications
All experimental animals survived after surgery without severe infection or bleeding. In the control group and experimental group one, there were no complications such as pancreatic leakage or abdominal cavity and wound infections.
In experimental group two, the animals sacrificed 3 d after surgery had no complications. The animals sacrificed 7 d and 14 d postoperatively showed a liquid area with hyperechoic metal clips on endoscopic ultrasonography. However, there was no obvious fluid leakage after the laparotomy. Localized scar tissue wrapped in metal clips and a colorless liquid with congestive changes could be seen, suggesting a small amount of pancreatic fistula.
Hematoxylin and eosin (HE) staining and immunohistochemistry
HE staining: HE staining of the pancreatic sections of the control group revealed normal pancreatic tissue. Microscopically, the pancreatic lobules were intact, the connective tissue between the lobules was diminished, the interstitium was loose, and no inflammatory cell infiltration was seen. In experimental groups one and two, HE staining of the sections obtained at baseline from the pancreatic head revealed normal pancreatic tissue. The changes revealed by HE staining at 3 d, 7 d and 14 d after operation in experimental groups one and two are shown in Figure 8 and Table 1 .
Expression of TGF-β1, Smad3, and Smad7 in pancreatic tissue of the control group and pancreatic wounds: As observed by immunohistochemical staining, the expression of these factors in the pancreatic tissue of the wounds varied over time. The details are shown in Figure 9 .
We processed the results of immunohistochemistry and scored the degree of cell positive staining: Negative for 1 point, weakly positive for 2 points, moderately positive for 3 points, and strongly positive for 4 points. We also scored the positive area percentages: Negative for 1 point, weakly positive for 2 points, moderately positive for 3 points, and strongly positive for 4 points. The total score was calculated as the score of positive staining multiplied by the score of percentage of positive area. The scores for specific expression of TGF-β1, Smad3, and Smad7 at different time points are shown in Figure 10 .
DISCUSSION
At present, the common problems of NOTES predominantly involve the following aspects: First, it is essential to select an approach with an excellent visual field suitable for the procedure and to allow for appropriate wound closure [2] [3] [4] [5] [6] . This experiment confirmed that the metal clip is safe and effective in the closure of the gastric wound. Second, to avoid intra-abdominal infection, we should minimize the operative time and reduce any factors that can introduce bacteria into the abdominal cavity [7] . For the NOTES of the pancreas, we chose the upper gastrointestinal approach, as the stomach is a relatively clean area of the digestive tract that can be controlled. We controlled the animal's digestive tract by using a 2 d fluid/food method to ensure cleanliness of the digestive tract preoperatively. We used a small incision ensuring that only the endoscope can pass in order to avoid the stomach contents flowing into the abdominal cavity. Third, the method of identifying intra-abdominal anatomy is difficult in NOTES due to insufficient experience [8] . In our study, methylene blueguided endoscopic ultrasound guidance with fine needle aspiration (EUS-FNA) was used, which can help us to quickly and accurately identify the target organ. The function of EUS-FNA has been fully used [9] [10] [11] [12] [13] . Finally, some NOTES procedures are relatively complicated. Existing endoscopes and auxiliary instruments may not be able to complete the procedure in some medical centers [14] . In this study, we used existing devices to minimize procedural difficulty and to achieve effective resection.
The predominant complication following pancreatic resection is pancreatic leakage. The incidence of pancreatic fistula after surgery averages approximately 5% to 10%. Pancreatic leakage may cause many other serious complications and may eventually lead to multiple organ failure and death [15] . Pancreatic leakage predominantly consists of the leakage of pancreatic fluid from the ruptured pancreatic duct or from sutures to the abdominal cavity. A small amount of pancreatic leakage enclosed by tissue can form a pseudocyst and secondary infection can result in the formation of abscesses.
We observed that when a small amount of pancreatic tissue was removed and there was no damage to the main pancreatic duct, we could close the wound with metal clips without leakage. For the pancreatic tail excision, there was injury to the main pancreatic duct. There was no evidence of pancreatic leakage initially, but this complication occurred one week after surgery and continued for two weeks postoperatively. In view of this finding, we believe that the metal clip can close the pancreatic parenchyma without damaging the main pancreatic duct and can play a role in closing the damaged branch of the pancreatic duct. If there is damage to the main pancreatic duct, a small amount of pancreatic leakage may occur. This can be explained as follows: First, it may be due to necrosis of the edge of the pancreatic wound after electrocoagulation, leading to the metal clip no longer remaining firmly affixed. Second, the necrotic pancreatic tissue will release digestive enzymes and relaxation of the metal clip will expose more pancreatic tissue and cause more exudation. However, due to the protection of the metal clip in the initial stage, pancreatic leakage could be encapsulated within a week, not leading to pancreatic ascites, infection, etc. This illustrates the efficacy and relative safety of endoscopic resection of the pancreas. More studies are needed to verify the efficacy of this treatment modality and to further examine complications. When a fluid collection does develop, we cannot do abdominal drainage like surgery. Further studies should evaluate whether the fluid can be absorbed and whether it can be controlled with a pancreatic stent preoperatively. To evaluate the possibility of promoting the healing of wounds, we conducted a follow-up basic experimental study. We can observe obvious scar repair with the naked eye on the experimental specimens. HE staining also confirmed this result. We next focused on the scar formation process. TGF-β1 is the most commonly used index in the wound repair process, which involves various processes including cell proliferation, differentiation, and apoptosis. This factor plays an important regulatory role in the process of inflammation and fibrosis [16] [17] [18] . It has been reported that TGF-β1 also plays an important role in the repair of pancreatic tissue and can participate in many aspects such as wound healing, cell growth, cell cycle regulation, angiogenesis, and immune regulation [19] [20] [21] . Studies have shown that the expression of TGF-β1 in wound scar cells is significantly increased compared with normal fibroblasts. In addition, multiple factors including smad3 are also increased [12] , suggesting that TGF-β1/Smad signaling plays an important role in the repair of scar tissue. However, the role of TGF-β1 is complex and its role is dose-dependent, cell cycle-dependent, and cell typedependent, while the synergy between different cytokines impacts the biological effects of TGF-β1. We selected TGF-β1 at different time points for observation. We compared it in the wound repair process and we also examined its role in signal transduction pathways. How does TGF-β1 impact signal transduction and how does it regulate tissue repair? Previous studies have suggested that the key mediator of transduction of this signal from outside the cell into the nucleus is the Smad protein family, which acts as a signal downstream from protein molecules of TGF-β1 and plays varied roles in the repair process [22] [23] [24] . We detected TGF-β1 and Smad3/Smad7 at different time points by immunohistochemistry and found that while TGF-β1 was not normally expressed in normal pancreatic tissues, its expression began in the pancreatic wound, which demonstrates that it participates in wound repair. As time following surgery increases, the expression of TGF-β1 increases, reducing the inflammatory response of the tissue while also promoting the formation of scar tissue. At this later time, we can visualize the inflammatory cells and fibroblasts in the tissue sections stained with HE.
In the final stage of the experiment, the body no longer needs to repair the wound due to the formation of scar tissue, so TGF-β1 begins to decline. As a downstream reaction to proteins of TGF-β1, Smad3 and Smad7 also have various changes. We observed that the change of Smad3 paralleled that of TGF-β1. It was shown that during the process of tissue repair, the increase of TGF-β1 promoted the expression of Smad3. Although the changing trend was the same, the time of peak value was slightly different and Smad3 expression lagged slightly behind TGF-β1. The Smad7 highly expressed in normal pancreatic tissues declined with the progression of the study inversely to the changes of TGF-β1, particularly when the pancreas tissues were repaired. After the formation of scar tissue, Smad7 expression began to rise to regulate the expression of TGF-β1 so that excessive tissue repair is avoided. Therefore, the expression of TGF-β1 in pancreatic wounds paralleled that of Smad3 and is inversely correlated with the expression of Smad7, suggesting that TGF-β1 may contribute to fibrosis of pancreatic wounds through the TGF-β1/Smad signaling pathway. Smad3 may play a role in the signal transduction of TGF-β1, while Smad7 may antagonize receptor-activated Smad protein-mediated signaling, forming a negative feedback loop. The interaction of multiple factors achieves wound healing without excessive fibrosis. The mechanisms need be further studied.
The transgastric endoscopic route is a safe, effective, and feasible method for pancreatic tail resection in pigs. Partial resection of the pancreatic tail is very safe, while total pancreatic tail resection has a high incidence of pancreatic leakage. Metal clips are effective for closure of the pancreatic parenchymal wound and can create optimal conditions for scar formation of pancreatic wounds while reducing pancreatic leakage. The changes of TGF-β1 and Smad3/Smad7 expression in different stages of pancreatic wound healing indicate that TGF-β1 participates in the occurrence and development of fibrosis of pancreatic wound healing through the TGF-β1/Smad signaling pathway. Figure 10 Immunohistochemical scores of transforming growth factor-β1, Smad3, and Smad7. Transforming growth factor-β1 was negatively expressed in the control group and began to rise after pancreatic resection. The expression was the highest at 7 d after surgery and then decreased; Smad3 showed negative expression in the control group and began to rise after pancreatic resection. The highest level occurred at 7 d after surgery, followed by a downward trend; Smad7 was highly expressed in the control group, gradually decreased after surgery, and was expressed the least on the 7 th day after surgery, then showing a trend of recovery. TGF-β1: Transforming growth factor-β1.
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Research background
The resection of the pancreatic body and tail generally requires invasive surgical treatment. Laparoscopic resection of the pancreatic body and tail is the predominant methodology to remove lesions in these locations; its safety and surgical planning are relatively mature, but it remains a complex and high-precision surgical operation, requiring abundant experience and skills in laparoscopic surgery, with a 10% rate of complications. Natural orifice transluminal endoscopic surgery has attracted increasing attention as a new technique for minimally invasive treatment. Compared with traditional surgery, it has the advantages of less trauma, faster recovery, and no external postoperative scar. Can we use an endoscopic treatment to remove lesions in the pancreatic body and tail directly and expedite recovery after treatment? In this study, we explored this question through animal experiments.
Research motivation
Based on this study, we may provide a micro-invasive therapy for the lesions in the pancreatic tail.
Research objectives
To verify the feasibility and safety, as well as to examine the complications of endoscopic pancreatectomy and healing mechanisms of pancreatic wounds after endoscopic resection.
Research methods
Transgastric endoscopic resections of varying sizes of pancreases were performed in 15 healthy Bama miniature pigs. The technical success rate, the incidence of serious complications, and the survival of the animals were studied. The healing of the wounds was evaluated by sacrificing the animals at various time points. Finally, the expression of transforming growth factor-β1 and Smad3/Smad7 in the surgical site was examined by immunohistochemistry to explore the role of these factors in wound healing of the pancreas.
Research results
Partial and total resections were successfully performed in two groups of animals, respectively. The technical success rate and the survival rate of the pigs were both 100%. We obtained 12 pancreatic tissue samples by endoscopic resection. The pancreatic wounds were closed with metal clips in one group and the wounds healed well by forming scars. There was a small amount of pancreatic leakage in the other group, but it can be fully encapsulated. The level of transforming growth factor-β1 (TGF-β1) in the wounds increased during the inflammatory and fibrous hyperplasia phases, and decreased in the scar phase. The expression of Smad3 paralleled that of TGF-β1, while the expression of Smad7 had an inverse relationship with the expression of TGF-β1.
Research perspectives
Further studies should be conducted to confirm the safety and effectiveness of endoscopic resection for lesions in the pancreatic tail and wound healing mechanism.
